Objective: This study examined the associations between trauma mortality and quality of care indicators currently used in Japan. 
Introduction
Trauma patient outcomes vary by hospitals due to differences in the quality of trauma care [1] [2] [3] . As patient outcome is an output of a series of treatment inputs, poor outcomes such as preventable trauma deaths and complications result from inadequate resources (structural issues) for care and noncompliance with recommended care (process issues) [4] . Improved patient outcomes must therefore be achieved through structural and procedural improvements. This requires indicators to evaluate processes and structures that directly influence outcomes, to identify what to improve and monitor the achievements [5] .
However, few existing indicators for structures and processes have demonstrated relatively consistent associations with outcomes [3, 6, 7] . For example, performance assessments, such as peer review for preventable mortality and morbidity, are consistently associated with trauma outcomes; [3, 8] whereas patient volume [7, [9] [10] [11] [12] [13] , 24-h availability of specialists (e.g. neurosurgeons) [8, 11, 14, 15] , or condition-specific processes (e.g. compliance with treatment guidelines) [16, 17] show conflicting results. There is no evidencebased consensus on indicators that should be used [2, 17] .
Furthermore, studies have mostly used logistic regression models, which cannot appropriately handle censoring issues [3, 4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . These underestimate mortality risks by equating discharged alive cases with long-term survival when information on post-discharge deaths, which are not uncommon, particularly among older patients, is unavailable [18] .
In Japan, efforts toward trauma care quality improvement have yet to be effectively accomplished. Preventable trauma deaths are still prevalent in tertiary care centers, despite the introduction of trauma care guidelines [19] [20] [21] . Although structures and processes of patient care in accredited tertiary care centers are surveyed annually [22] , their associations with patient outcomes have not been examined. Therefore, applying the hypothesis that some structural and procedural components evaluated in the annual survey affect trauma survival in Japan, we used a survival time model that can handle censoring to assess associations between survey indicators and trauma mortality. The results can contribute towards developing evidence-based quality of care indicators.
Methods

Study settings
Tertiary care centers in Japan, called emergency and critical care centers (ECCCs) and accredited by the Ministry of Health, Labour and Welfare (MHLW), provide critical care for severely injured and ill patients [23, 24] . Prehospital and hospital trauma care practices follow the most current Japanese guidelines [25, 26] . ECCC roles differ by region depending on the region's trauma care system and abilities of other hospitals. Details of the Japanese emergency care system are described in Appendix 1. Although many ECCCs act as trauma centers, some accept only few trauma patients.
The MHLW conducts annual surveys regarding the general (rather than disease-specific) performance of ECCCs [22] . ECCCs actively involved in treating trauma patients participate in the Japan Trauma Data Bank (JTDB), a national trauma registry [27, 28] . This collects data mainly from ECCCs, and from a few non-ECCC hospitals.
Study design
This was a retrospective analysis of linked hospital-level data (from the MHLW's annual survey) and the JTDB patient-level data. The associations between hospital-level quality of care indicators and patient mortality were examined. Multilevel discrete-time survival analysis (with survival time within 30 days of admission as the dependent variable) was used to consider clustering in hospitals, censoring and many ties in survival time calculated in day units [29] . IBM SPSS Statistics for Windows, Version 21 (IBM Corp., Armonk, NY) was used for descriptive statistics and Stata 14 (Stata Corp LP, College Station, TX), for the survival time analysis. The ethics committee of Teikyo University School of Medicine approved the study protocol.
Study participants
We used data from the ECCC survey conducted in 2013, which covers April 2012 to March 2013. Of the 259 ECCCs surveyed, 139 participated in the JTDB. ECCCs treating few trauma patients do not take part in the JTDB as participation is voluntary. Thus, the JTDB data from ECCCs can represent trauma patients treated in ECCCs. ECCCs with a large discrepancy in numbers of patients reported in the annual survey and registered in the JTDB were frequently found to have data missing. Therefore, of the 139 participating ECCCs, we selected the 91 that reported to JTDB ≥70% of the number of patients they reported in the annual survey.
The JTDB data analyses included blunt trauma patients aged ≥15 years with an Injury Severity Score (ISS) ≥9 admitted to the selected ECCCs from April 2012 to March 2013. We excluded penetrating trauma and burn injuries (rare in Japan); they accounted for only 2.3% and 2.0% of the study population, respectively. Patients with data missing for sex, length of hospital stay or 30-day outcome, and with impossible data (length of hospital stay was negative), were excluded (Fig. 1 ).
Data collection
The MHLW's annual survey of ECCCs investigates organizational structure, care processes and patient outcomes (Table 1) [22]. The structure and process section comprises 37 components, of which 29 are directly related to patient care, and 8 are related to ambulance systems, expert education and disaster management (eTable 1). Each indicator is assigned a score of 0-8. The outcome section sums up numbers of patients and deaths by disease type, including severely injured patients defined by an Abbreviated Injury Scale score ≥3.
The JTDB data is derived from medical records: patient age, sex physiological status (Glasgow Coma Scale score, systolic blood pressure and respiratory rate) at hospital arrival, Abbreviated Injury Scale codes, dates of admission and discharge, treatment details and in-hospital deaths [27, 28] . The JTDB does not collect data on postdischarge deaths, complications, unexpected reoperation or readmission, disabilities and quality of life. The steering committee of the JTDB reviews newly registered data yearly to maintain the quality of data, and provides feedback to hospitals on significant missing data. Furthermore, the committee also provides coding training courses to the registrars in participating hospitals.
Variables
We used the 29 care-related indicators in the analyses either as the total score (maximum = 87) or as individual indicators separately. The total score was considered a global indicator. Individual indicators were categorized rather than using the scores determined by the MHLW on insufficient grounds. Smaller categories were merged such that each category included ≥9 hospitals (10% of 91 hospitals).
The indicator was excluded if merging categories did not meet this rule. We used JTDB data for trauma patient volume because of arbitrary disease categorization in the MHLW survey data. Numbers of doctors were categorized as below. Survey indicators for patient volume (for all patients) and for ambulance arrivals were excluded to avoid multicollinearity with JTDB data on patient volume. Patientlevel data derived from the JTDB and used in the analyses, included age, Glasgow Coma Scale score, systolic blood pressure, respiratory rate and ISS.
Endpoint
The study endpoint was death within 30 days of admission in the patient-level data; deaths after 30 days were quite rare. Time from admission to discharge was the outcome variable.
Statistical analyses
A multilevel discrete-time survival analysis was used. We used a multilevel model because our analyses included both patient-level and hospital-level data. We used survival time model rather than logistic regression, which was commonly used in previous studies, to handle potential bias from censoring (information on post-discharge deaths was unavailable) [18, 29] . Discrete-time model was required because the dependent variable of the model was survival time in days with many survival time ties. In the discrete-time survival analysis, we used complementary log-log link instead of the usually used logit link considering the survival days to be interval-censored (exact timing of the event was unknown) [29] . The models included time as dummy variables, with death as the event. Patients discharged alive within 30 days, or those discharged alive or dead after 30 days, were censored. The proportional hazard assumption was checked graphically using Kaplan-Meier curves (hazard ratios [HRs] are the same at any timing such as 3, 7, 14 or 30 days). Throughout the analyses, adjustment was made for patient characteristics, including physiological status at hospital arrival, age, ISS and sex. Numerical (continuous and discrete) predictor variables were categorized rather than being entered into the models as they are. Such variables should be linearly associated with the response of the model and this assumption is sometimes not met. Categorization is usually used to check this linearity assumption and when the assumption is not satisfied [30, 31] . Numbers of doctors and patients, and total score of the 29 indicators, were categorized by quartiles because they do not have any clear cut-off values: i.e. good/bad and many/few. Patient-level characteristics were categorized as follows: physiological status indicators were categorized similarly with the Revised Trauma Score (Glasgow Coma Scale score, systolic blood pressure and respiratory rate), representing the severity of trauma [32] ; age (years) was categorized into 15-24 (youth), 25-44 (young adult), 45-64 (middle-age) and 65+ (elderly); while ISS was categorized into <15 (moderate), 16-25 (severe), 26-45 (serious) and 46-75 (critical conditions).
As the number of registered cases in the JTDB determined the study sample size used for analysis (n = 12 378), we calculated the statistical power in survival time analysis. A HR of 0.7 was considered clinically significant; with a significance level of 0.05 (twosided) and the most imbalanced two-group division of 1:9, the power was 0.76 [33] .
We used single-level analyses for model development because of long analysis time for multilevel models (the cloglog command was used in STATA with an option of robust variance calculation considering the clustering) [29] . First, the model included the total score as a predictor variable (Model 1). Second, the model included individual indicators (Model 2). Each indicator was included in a singlelevel model adjusting for patient characteristics (eTable 2). Indicators significant at P < 0.05 were selected for the final multivariable model: all selected indicators were included in the initial model and non-statistically significant variables were excluded manually in descending order of P-values until all variables had P < 0.05 in the final model. This variable reducing procedure was used because some variables may show significance only with other variables in the model.
We then used a random intercept, two-level, complementary log-log model with ECCCs at the second level (hospital-level indicators), and patients at the first level (patient-level characteristics) to test the final model with the xtcloglog command [29] . Intra-hospital correlation was calculated using an empty model with time dummy variable as the only independent variable.
Considering the possibility of selection bias due to the exclusion of hospitals that reported <70% of the cases to the JTDB, we compared the hospital indicators between the included and excluded ECCCs. Then, we repeated the above-mentioned analyses among the 139 ECCCs. Table 2 shows hospital characteristics for the study year. The median annual numbers were reported for trauma patients with ISS ≥9 (178), severely ill or injured patients (854) and ambulance arrivals (4180). Medians were reported for full-time doctors (11) and registered specialists (6) certified by the Japan Association of Acute Medicine.
Results
Of the 12 378 blunt trauma patients aged ≥15 years with ISS ≥9, 50% were ≥65 years, 52% had fall injuries, 62% were male, 50% had ISS < 15 and 82-94% had normal physiological status (Table 3 ). Of the 12 378 patients, 660 (5%) died within 30 days. Table 4 shows the results of discrete-time survival analyses. The empty model with only the time variable showed high intra-hospital correlation (ρ = 0.92). The single-level models adjusted for clustering, and the multilevel models yielded quite similar estimates. In Table 2 Characteristics of the studied ECCCs (n = 91), April 2012-March 2013
Hospital characteristics Hospital median (IQR)
Number of trauma patients with ISS ≥9 Model 1, the total score was associated with mortality risk. Compared with the ECCCs in the lowest quartile of total scores, the ECCCs in the second, third and fourth quartiles had lower mortality risk. Intra-hospital correlation became very small (ρ = 0.06). Model 2 is the final multivariable model with individual indicators significantly associated with mortality risk. For annual patient volume, the highest quartile showed lower mortality risk than the lowest. Factors associated with lower mortality risk included directors' qualification (as specialist or consultant), efforts to improve patient arrival process, presence of triage functions at emergency departments, 24-h availability of psychiatrists and 24-h availability of operating room staff (anesthesiologists and nurses). Intra-hospital correlation became smaller (ρ = 0.02).
The ECCCs included in and excluded from the above analyses did not differ in the hospital-level data except for patient volume and number of deaths (eTable 2). The analysis among the 139 ECCCs showed almost the same results except that operating room availability showed only marginal significance (eTables 4 and 5).
Discussion
We found total evaluation score and few individual survey indicators associated with trauma mortality risk in tertiary care centers. This study used survival time analysis to address potential bias from censoring, which previous studies using logistic models could not [18, 29] . The findings could contribute to developing evidence-based quality indicators, which might indicate areas in trauma care structure and process directly related to improved patient outcomes.
Our finding that high-volume centers in the top quartile had lower mortality risk is consistent with the majority of previous US-based studies [7, 9, 11, 13] . Some studies found no beneficial associations between volume and outcomes [10, 12] . These conflicting results might stem from different definitions of 'high-volume' (e.g. cut-off values), center capacities and study populations [7] . Bennet et al. [9] . found medium-volume centers performed better than low-or highvolume centers. High patient volume would develop staff's skills and capacity, whereas excessive volume may place a strain on the center's resources. Therefore, a balance between staff proficiency and exertion should be maintained.
We found no reduced mortality risk associated with 24-h availability of in-house specialists, such as trauma surgeons, orthopedic surgeons and neurosurgeons. This is consistent with the findings of majority of previous studies [8, 11, 15] , though a county-based ecological study in the US found counties with 24-h availability of specialists having lower mortality risk for motor vehicle collision patients [14] . The effects of having in-house specialists may depend on various factors such as abilities of on-duty non-specialist doctors and how waiting for on-call specialists delays definitive treatments. Fulda et al. found average response time was about 10 min shorter for in-house than on-call surgeons [15] , yet total time to operating room and trauma mortalities did not differ [15, 34, 35] .
In contrast, in the present study, 24-h availability of operating room staff (anesthesiologists and nurses) was associated with lower mortality risk. Few studies have directly investigated this association. An ecological study found availability of operating room staff was associated with lower trauma mortality risk [14] , whereas some studies confirmed time to operating room or emergency laparotomy was a promising quality indicator showing consistent associations with mortality [3, 36, 37] . It is likely that absence of in-house operating room staff considerably prolongs time to operation.
The present study found reduced mortality risk associated with 24-h availability of psychiatrists, a topic not extensively investigated in previous studies. As psychiatrists do not treat physical injuries, their availability may reflect a hospital's overall dedication to securing other specialists. Early psychiatric interventions may also improve patient outcomes, as many trauma patients have psychiatric or psychological issues, both as risk factors [38] [39] [40] and sequels of trauma [41, 42] .
The present study found review of patient flow from ambulance services was associated with lower mortality risk. Such process, though not directly improving trauma care practices at hospitals, may improve interfacing between hospitals and ambulance services. Literature has consistently shown that reviewing clinical practices, including peer review of trauma deaths to identify preventable deaths or daily review of care practices, would decrease mortalities [3, 6, 8, 43] .
In the present study, mortality risk was associated with center directors' board certification as a specialist or consultant in emergency medicine, but not with numbers of certified doctors. Experienced directors were found to have better leadership and Physiological indicators at hospital arrival; categorizations are the same as those used in calculating revised trauma scores [32] . management abilities: crucial for system improvement. Haut et al. [44] found no trauma mortality differences between treatment by newer and experienced surgeons, but indicated that system improvements, such as introducing organized trauma programs, outweigh individual experiences.
Emergency department triage functions may reflect the quality of care throughout the hospital because they may be irrelevant for severely injured patients transferred by ambulance to ECCCs following triage at the event site. However, triage can be a direct quality indicator for some ECCCs in which emergency physicians treat all cases from minor to severe [23] .
Evaluation indicators should be further investigated and refined so that they can guide the activities of improving trauma care quality [5] . Improvements require effective interventions that can change process and structure (particularly improving compliance with protocols), measured by relevant indicators, which in turn would lead to outcome improvements [45, 46] . Survey indicators not associated with mortality may be irrelevant to outcomes or might have contributed to improving trauma care already. Irrelevant components may be omitted from the survey, whereas contributing components should be maintained to sustain care quality. The present study could not determine this area of differentiation.
The strength of this study is the ECCC annual survey data's quality. No data were missing from that survey because center directors must fill in the survey form as the MHLW requests. Even with changes in the values of variables over time at each center, there was little fluctuation except for an improving trend in quality of care indicators. This implies precise and accurate responses from ECCCs.
Some limitations were noted. First, only one-third of ECCCs in Japan were analyzed. However, despite excluding ECCCs treating few trauma patients from the analysis, the results were not distorted. Inclusion of such centers showed no differences in the results. Characteristics of excluded centers did not differ also from included centers. If the excluded ECCCs provided lower quality of care (the opposite may be unlikely), excluding them might have reduced the variabilities in performance and outcomes, leading to conservative results obscuring, rather than yielding, associations. Second, the present study is mainly based on self-reported data, which may result in overrating the performance. Overrating, however, is unlikely to happen disproportionately in poorly or well performing hospitals. In addition, we used a hard endpoint (death). Thus, overrating, if any, would not distort the results. Third, the present study, based on existing data, could not assess comprehensive sets of quality indicators, outcome measures, and contextual and patient factors needing adjustments. Important outcome measures [2] , such as functional prognosis, quality of life, complications, or unexpected reoperations, were unavailable. Further investigations based on more comprehensive data sets are required to confirm the present findings. Fourth, because of this study's cross-sectional nature, observed associations do not ensure that improving the indicators improves outcomes. CI, confidence interval; σ 2 , hospital-level variance; ρ, intra-hospital correlation. a Model 1 and Model 2 included time dummy variables and were adjusted for patient-level characteristics (Glasgow Coma Scale score, systolic blood pressure, respiratory rate, Injury Severity Score, age and sex).
b Intra-hospital correlation (ρ) was calculated using an empty model with only time dummy variables and no other independent variables c Robust standard errors adjusted for clustering in 91 centers. d Random intercept model in which σ 2 indicates the variance of the intercept. e Summed score of 29 indicators; divided at the 25th, 50th and 75th percentile value. f Number of trauma patients with ISS ≥9; divided at the 25th, 50th and 75th percentile value. g Board certification by Japanese Association for Acute Medicine. h Availability of in-house or on-call psychiatrists or online consultation with psychiatrists. i In-house anesthesiologist and nurse staff are on standby 24-h and emergency operations can be started immediately.
